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irDDY CbRRWiiT DAIPIliO 

In FLAT AixD CY1 1VDRI CAL COi<DUCTli*G jbRF ACE3 

dSCTIOa I 
FOREWORD 



The use of eddy currents to produce damping in 
dynamical systems is becoming mo^e prevalent than 
heretofore 9 particularly in the design of acceler- 
ometers and similar instruments. 'The value of eddy 
current damping lies in the fact that the force 
produced is more nearly proportional to velocity 
undermuch wider conditions of damping than with 
other systems. The chief disadvantage of the use 
of eddy current damping? is the size and weight of 
the map-net which is required, if an electromagnet 
is used there must be a source of well regulated 
electric current available; if a permanent rcae-net 
is used it must maintain a substantially constant 
value of p-ap flux under all ope~atinp conditions 
and for a lonp period of time. Instruments for 
use in airborne c^aft in particular have strict 
requirements as to size and weip-ht. 
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These disadvantages are largely eing overcome by 
the use of high-retentivity magnetic materials 
such as Alnico and should present less of a 
problem with the passage of time. 

The physical arrangement for producing eddy 
current damping con take a great variety of forms. 

It is the purpose of this paper to analyze two basic 
types which have perhaps the greatest possibility 
of use. The analysis will then be substantiated 
with experimental data. The two types to be 
considered are: 

A — A flat conducting plate moving linearly 
between the poles of a magnet in a direction 
perpendicular to the lines of magnetic flux. 

B — A conductinr cylinder moving lineally in 
a direction perx endicular to the lines of 
flux of a radial field; the axis of the radial 
field being coincident with the axis of the 
cylinder and the field being uniform and 
finite between two parallel planes which are 
perpendicular to the axis of the cylinder. 

Type A can be called a "flat plate" system 
and will bo here subdivided a 3 to whether the poles 
of the magnet have a rectangular or circular cros3 
soction. Type B can be called a "cylindrical" 
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system. It is some tine a called a "cup” system 
when one end of the conducting cylinder is covered 
over for ounting purposes. It will be brought out 
that the covering of one end of the cylinder is bad 
practice and hence the tern "cup M will not be used 
for the general classification. Tho two types of 
systems are useful because they are both simple as 
to design and construction. Other more complicated 
systems are possible. The methods used here 3hould 
apply in principle, if not directly, to nearly all 
systems having engineering applications, and par- 
ticularly in the field of instrumentation. 

The physical laws upon v/hioh eddy current 
damping is based are well known and will not be dis- 
cussed here. The principle involved Is the pro- 
duction of electric currents in a conducting medium 
when that medium is in motion in c uhan^in la^netic 
field, and the resulting force produced on the 
conducting medium by the interaction of these currents 
with the causative field. For clarity a listing of 
the formulae, together with definitions of the symbols 
to be used follows: 
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S crad e 
g ~[vx3]* dl 

1-crJJ 

rcurl I x r] 
dl =■ — =1 

2 tt 

«f P = [ip 3 ?]^ 

df ’ = df cos < 

f 



F= /df' 



6* electric potential difference 
E- electric potential gradient 
B: nagnetic flux density 
1= current density 

conductivity of conducting nedium 
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J, ,r,r* ,a ,b=linear distances 
f=force at point P 

f’sforce at point P in a direction parallel to the 
direction of notion of the conducting . tedium 
F utotol force on the conducting medium 
v ^linear velocity of the conducting medium relative 
to the magnetic field 
d =thickness of conducting medium 
$ = total magnetic flux 
A -area 
V rvolume 

dlz element of length 

j^A»5r ua it vectors, ripht nanded orthogonal system 
x,y,z= cartesian coordinate axes 

All quantities treated as vectors are underlined. 

All quantities arc in c.g.s. units. 

The following assumptions have been made for the 
analytical development: 

1. The flux density is uniform and constant 
between the magnet polo3 and zero everywhere else 
(no fringing effect). 

2. The thickness, d, of the conducting medium 
is small enough in relation to the other dimensions 
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so that for analytical purposes the flat plate 
can be considered as a plane and the cylinder as a 
bent plane. 

3 . The conducting medium contains no ferro- 
magnetic materials. This assumption must be 
rigidly adhered to in practice since even very 
3nall amounts of magnetic material in the con- 
ducting medium will prevent the damping force from 
being linear with respect to velocity, and an 
entirely new analysis will be required. 
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ilATRL: J TI x. ;j\LY3Id 01 1 ;I0U 



..-1 flrt plate moving between the oles of a 
magnet having pole faces rectangular In 
cros^ section. 




Consider a flat condu-tin plate of infinite x y 
dimensions and thickness d in the * direction, moving vith 
a velocity v toward the right between the poles of a 
magnet which have total linear dimensions of 2a and b. 

From the sketch above, which shows the projection 
of the pole face on the plate, there will be a change 
of flux along the lines 1-2 and 3-4, but none along 
2-3 or 4 - 1 . 































i w 
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For the ri£ht side of the pole face, line 1-2: 
c - [yxB] * dl 

= [vi x B 0 k] dy 0 j 

K =-v B 0 J_ 

curlB =• [v XE ]=- v B q dy Q k 
Curl I = <r vB q dy^ 
r = (x-a)i 4 (y-y 0 ) j. 
fcarlIxr]«^vB 0 [- (y-y 0 )i + (x-a)^]dy 0 
r z = (x-a)'-t (y-y 0 )‘‘ 

m t ) -~ B o e ' v r (y-y 0 >±*u-au I 

' -xy'H' [ u- a )^ (y-y 0 )2j y ° 



B o- v 

(!„)„» JL 



-xy'R ~ 



J- i fk^lL^o_ 

l J (x-a) "+ (y-y 0 ) 2 



• tx~a) dy Q 



4 (x-a)^ + (y-y 0 ) 2 

For the left side of the pole face, line 3-4: 
curl I --<^vB 0 dy 0 h 
r- (x+a)l+ (y-y 0 )l 

fc url l x rj= -<r v3 0 [- ( y-y Q ) i + ( x+ a J dy 0 
(x+a) 2 + (y-y 0 ) 2 



(dI__) T - 



B 0 <rV 



-xy l ^TjT 



[ (y-y 0 )i- (xta)_i 

( ( x+a ) 2 + (y-y 0 )’’ 



-]<*o 



Uxy)i/ 



V v 

2 ?’ 



i 

. 



Ay-y 0 )ay 0 

/ (x+a)^- (y-y 0 ) 2 ’-’ 



(x+a)dy n 



(x+a) 2 -j (y-y 0 ) 2 



Uxyhv + ^?xy^L 

Performing the indicated integrations and combining 
their results: 

- Bq(7NV f[ 1 i n (3C-a) 2 t (y-b) 2 1 in (xta) 2 i- (y-b) 2 1 

-xy 27T | L 2 (x-o) + y^ (x+a)^ y 2 J 

tan” 1 - tan"* 1 * ^tan^ y + tan” 1 j 

■ x-a X -a x+a x-ta_ 

This expression gives the current density at any 
point P(x,y) in the infinite plane in terns of its 
normal components. 

To find the force on the moving plate produced 
b; this current density distribution: 

df=*£lxs] dx dy d, which is the force on an 
elemental volume dx dy d. 

Let I^ys k[ Li+Mjj as a general expression 

Then: 



df = £ K (Li+l.ij ) xB Q k J dxdyd 
df a K(i© 0 i-LB 01 1) dxdyd 
df *- iCi.23 0 idxdyd 



ond 
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Force is produced only within the area of the 
plate covered by the pole faces since B- within 
this area and B=0 outside of this area: 

Performing the integrations: 



The term (-i) indicates that the force is in the 
direction parallel but opposite to the direction of 
movement of the plate. The j term in the expression 
for df has a value of zero showing that there are no 
forces tending to move the plate in a perp ndicular 
(y) direction. The k term which might result in a force 
parallel to the lines of flux is completely absent. 



dimensionless term whose value depends on the ratio of 
lengths of the sides of the pole face. Calling this 
tern C, and notin’ that 2ab equals the area of the pole 
face A, then: 




The tern in bars in the expression for is a 
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or 

where , the total flux. 



The variation of the factor C as the ratio of the 
lengths of the sides of the pole face varies 13 shown 
in £-1. Thus, other factors such as convenient physical 
arrangement not considered, it is seen that t u c pole 
faces should be longer in the direction ner^e n^icular 
to the direction of notion of the plate iy) than in 
the parallel direction (x). 

The development thus for has been for a plate 
which has infinite x and f dimensions* Of course in 
actual application the dimensions of the plate must 
be finite. In order to account for this fact let the 
expression for the force on the plate, F, be multiplied 
by a factor 0* • 



The object of the follov/ing discussion will be to 
determine the value of C* for various conf igurations 
of the finite plate. 

It is desired first to plot the curves of constant 
current density for an infinite plate with a given pole 
face configuration. This plot could be made from the 
equation: 
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